Genetic generalized epilepsy GABRG2(N79S) mutation GABRG2(R82Q) mutation GABRG2(P83S) mutation Loss of function Dominant negative effects Subunit interface Impaired receptor assembly
Introduction
Epilepsy is a common neurological disorder that affects about 1% of the world's population (Sander, 2003) , and genetic epilepsy (GE) syndromes comprise~30% of all cases (Reid et al., 2009; Steinlein, 2004) . Many epilepsy mutations in affected individuals in families with GEs have been found in ion channels, including γ-amino butyric acid (GABA) type A (GABA A ) receptors, which are heteropentameric chloride ion channels that mediate the majority of inhibitory neurotransmission in the CNS. The receptor is composed of five subunits, and the predominant synaptic receptors are composed of two α subunits, two β subunits and one γ2 subunit. The most common epilepsy-associated GABA A receptor gene (GABR) is GABRG2, and epilepsy mutations in γ2 subunits have been shown to decrease receptor function by altering receptor biogenesis or channel function (Macdonald and Kang, 2009) . Three GABRG2 mutations R82Q, P83S and N79S (numbered based on the immature γ2 subunit containing the signal peptide) were reported to be associated with generalized epilepsies and are all located in the same structural loop in the N terminus of γ2 subunits, suggesting that they might impair GABA A receptor function similarly.
R82Q is one of the best characterized epilepsy-associated GABRG2 mutations. It was originally found in a large family with genetic epilepsy with febrile seizures plus (GEFS+) (Marini et al., 2003; Wallace et al., 2001) , contributing to childhood absence epilepsy and febrile seizures. A single nucleotide substitution caused a highly conserved arginine residue located within a loop between the α-helix and the β1-sheet (the α-β1 loop) in the extracellular N terminus to be replaced by a glutamine (Fig. 1A) , resulting in impaired surface expression of γ2 subunits and decreased GABA A receptor currents (Bianchi et al., 2002; Eugene et al., 2007; Frugier et al., 2007; Hales et al., 2005; Kang and Macdonald, 2004; Sancar and Czajkowski, 2004) . Heterozygous knock-in mice carrying this mutation displayed spontaneous spikewave discharges and thermal-induced seizures (Reid et al., 2013; Tan et al., 2007) , consistent with R82Q being an epilepsy-causing mutation. 
